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A simple model for chaotic inflation in supergravity is proposed. The model is N = 1
supersymmetric massive U(1) gauge theory via the Stuckelberg superfield and gives rise to
D-term inflation with a quadratic term of inflaton in the potential. The Fayet-Iliopoulos
field plays a role of the inflaton.
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Cosmological inflation is a very attractive idea to solve the horizon problem and the
flatness problem in the early universe [1], and it also explains the density fluctuations in
the cosmic microwave background. Thus, it would be interesting to incorporate the idea
into viable models of high energy physics. Since supersymmetry is one of the solutions to
the hierarchy problem between the electoweak scale and the Planck scale, it is natural to
consider the inflation scenario in supergravity.
Among many inflation scenarios, chaotic inflation doesn’t suffer from the initial con-
dition problems and gives rise to a large tensor-to-scalar ratio, which would be observed
by the Planck satellite observation. However, it doesn’t seem an easy task to find chaotic
inflation models in supergravity [2]. This is because the F-term potential in supergravity
have the exponential factor of the Ka¨hler potential in general to prevent inflaton fields
from getting the large fluctuation required by chaotic inflation. One thus is led to make
use of the D-term potential to give rise to chaotic inflation.
In fact, the paper [3] is the first to give a chaotic inflation model by using the D-term
potential, where it was shown that the quartic term of an inflaton field could be obtained
from the D-term potential. Therefore, it would be interesting to obtain the quadratic term
of inflaton fields from the D-term potential. Since in general, the D-term potential provides
the quartic term of charged fields transforming linearly under the gauge group, it seems
difficult to obtain the quadratic term of an inflaton field. However, the Fayet-Iliopoulos
parameter of a U(1) gauge group enters the D-term potential quadratically. Thus, if one
can replace the Fayet-Iliopoulos parameter by a dynamical field, one can expect that the
field could play a role of an inflaton field. In this paper, it will be shown that this is indeed
the case.
Let us consider N = 1 supersymmetric massive U(1) gauge theory with the Stuckel-
burg superfield S given in terms of component fields by
S =
1√
2
(ρ+ iζ) +
√
2θψ + θ2F, (1)
where ρ and ζ are real scalar fields and play roles as the Stuckelburg field and the Fayet-
Iliopoulos field, respectively, as will be seen. The U(1) gauge vector multiplet is given in
the Wess-Zumino gauge by
V = −iθσµθ¯vµ − iθ¯2θλ+ iθ2θ¯λ¯+ 1
2
θ2θ¯2D. (2)
1
The Lagrangian density L is given by
L = −1
2
∫
d2θd2θ¯
(
S − S¯ + i
√
2MpV
)2
+Re
[∫
d2θ
1
2e2
WαWα
]
, (3)
where Mp is a mass scale and the gaugino superfield Wα is given by
Wα = −1
4
D¯2DαV. (4)
The action is invariant under the U(1) gauge transformation
V → V + i (Λ− Λ¯) , S → S +√2MpΛ, S¯ → S¯ +√2MpΛ¯. (5)
Note here that the non-linear transformation of the chiral superfield S prohibits it from
appearing in the gauge kinetic function. Rescaling the vector superfield V to obtain the
canonical kinetic term for it, in component fields one finds the Lagrangian density
L =− 1
2
(∂µζ)
2 − 1
2
(∂µρ−Mvµ)2 − 1
4
F 2
µν
− iψ¯σ¯µ∂µψ − iλ¯σ¯µ∂µλ
+MζD −Mψλ−Mψ¯λ¯+ |F |2 + 1
2
D2,
(6)
where M is defined as M = eMp. It is obvious from (6) that the field ρ plays a role of
the Stuckelburg field and gives mass to the gauge field vµ. The field ζ plays a role of
the Fayet-Iliopoulos parameter, but here it is a real scalar field. Changing the variable
MAµ = Mvµ − ∂µρ and solving the equation of motions of the auxiliary fields D and F ,
one obtains the Lagrangian density
L = −1
2
(∂µζ)
2 − 1
2
M2ζ2 − 1
4
F 2
µν
− 1
2
M2A2
µ
− iψ¯σ¯µ∂µψ − iλ¯σ¯µ∂µλ−Mψλ−Mψ¯λ¯. (7)
This is the Lagrangian density of a free massive U(1) vector multiplet. The Fayet-Iliopoulos
field ζ plays a role of inflaton. Therefore, one expects that the massM of the inflaton field
ζ is of order 1013 ∼ 1014 GeV. Thus, if the mass scale Mp is set to the reduced Planck
scale ∼ 1018 GeV, the U(1) gauge coupling may be of order 10−4 ∼ 10−5 to give rise to
the observed density fluctuations. However, one can see that the reheating doesn’t occur
without any modification in the model. Since the model is very simple, we hope that a
simple modification of it could lead to a full-fledged inflation model.
Acknowledgements
The author would like to thank Koichi Hamaguchi, Yuuki Shinbara, Taizan Watari,
and Masahide Yamaguchi for helpful discussions and reading the manuscript. The work
was supported in part by a Grant-in-Aid (#19540268) from the MEXT of Japan.
2
References
[1] See, for example, A. D. Linde, Particle Physics and Inflationary Cosmology, (Har-
wood, Chur, Switzerland, 1990);
A. R. Liddle and D. H. Lyth, Cosmological Inflation and Large Scale Structure, (Cam-
bridge University Press, Cambridge, England, 2000);
D. H. Lyth and A. Riotto, “Particle Physics Models of Inflation and the Cosmological
Density Perturbation,” Phys. Rept. 314, 1 (1999), hep-ph/9807278.
[2] A. B. Goncharov and A. D. Linde, “Chaotic Inflation in Supergravity,” Phys. Lett. B
139, 27 (1984); “A Simple Realization of the Inflationary Universe Scenario in SU(1,1)
Supergravity,” Class. Quant. Grav. 1, L75 (1984);
H. Murayama, H. Suzuki, T. Yanagida and J. Yokoyama, “Chaotic Inflation and
Baryogenesis in Supergravity,” Phys. Rev. D 50, 2356 (1994), hep-ph/9311326;
M. Kawasaki, M. Yamaguchi and T. Yanagida, “Natural Chaotic Inflation in Super-
gravity,” Phys. Rev. Lett. 85, 3572 (2000), hep-ph/0004243;
J. R. Ellis, Z. Lalak, S. Pokorski and K. Turzynski, “The Price of WMAP Inflation in
Supergravity,” JCAP 0610, 005 (2006), hep-th/0606133.
[3] K. Kadota and M. Yamaguchi, “D-term Chaotic Inflation in Supergravity,” Phys. Rev.
D 76, 103522 (2007), arXiv:0706.2676 [hep-ph].
3
